Abstract Designing photocatalytic materials with modified functionalities for the utilization of renewable energy sources as an alternative driving energy has attracted much attention in the area of sustainable wastewater treatment applications. Catalyst-assisted advanced oxidation process is an emerging treatment technology for organic pollutants and toxicants in industrial wastewater. Preparation of visible-light-responsive photocatalyst such as Mg-doped TiO 2 polyscales was carried out under mild sol-gel technique. Mg-doped TiO 2 polyscales were characterized by powder XRD, SEM, FTIR, and optical and photocatalytic activity techniques. The Mg-doped TiO 2 showed a mixed phase of anatase and rutile with an excellent crystallinity, structural elucidations, polyscales morphology, consequent shifting of bandgap energy and adequate photocatalytic activities under visible range of light. Mg-doped TiO 2 polyscales were investigated for their efficiencies in the degradation of most commonly used industrial dyes in the real-time textile wastewater. Mg-doped TiO 2 polyscales showed excellent photocatalytic degradation efficiency in both model industrial dyes (65-95%) and textile wastewater (92%) under natural sunlight as an alternative and renewable driving energy.
Introduction
Water is one of the precious resources that cannot be replaced by man for his daily commodities, development, and industrialization. With increased industrialization and enormous population growth, the quality of water across the world is decreasing owing to exploitation (Qu et al. 2013) . Along with other resources, water is an unavoidable raw material for most of the industries. The wastewater generation rate in India is roughly 36,000 million l/day and millions of gallons of wastewater are produced by the industries (CPCB 2009) . Potential treatment of wastewater at industrial level is one of the sustainable ways to protect water resource and to minimize the pollution level caused by them. Textile mills, food and dairy, printing and paper, pharmaceutical, and paint industries are the major consumers of large amount of water and the largest industrial sectors causing intense water pollution. Wastewater disposed by these industries is mostly contaminated with a large variety of synthetic organic dyes and pigments (Divya et al. 2013; Wang et al. 2015; Blanco et al. 2012) . Moreover, usage of such colorants in these industries is unavoidable nowadays. The availability of a variety of colored food and drugs, cloths, papers, and dye combination that are available in today's markets make the statement valid. More than 10,000 dyes variants are commercially available in the market and more than 0.7 million tons of dyes and color variants are produced annually across the world (Zolinger 1987; Saggioro et al. 2011; Maleki and Shahmoradi 2012; Behzad et al. 2012) . The textile and food industries are the largest consumers of dye and colorant stuffs in the world; a large percentage of the synthetic dyes and pigments is washed off during the coloration process that results in the development of colored wastewater (Dave and Dave 2009; Divya et al. 2009; Wijannarong et al. 2013; Gupta et al. 2014; Weber and Adams 1995) . Discharge of a colored wastewater with a small quantity of dyes and pigments leads to the development of color in the whole aquatic system and causes severe environmental risks (Hassani et al. 2008; Mohamed et al. 2012) . The non-biodegradable nature of these dyes and colorants in the aqueous system causes a serious environmental hazard by impacting on evaporation rate, dissolution, precipitation, and biological activities (Nordin et al. 2013; Polak et al. 2016) . The organic dyes in wastewater and natural water bodies are aesthetically unpleasant; they hinder the oxygenation ability and disturb the aquatic ecosystem by impact on food chain (Firmino et al. 2010; Khataee et al. 2013 ). Many conventional treatment methods are available for the treatment of industrial wastewater but they are unable in complete removal of such dyes and pigments from wastewater. Some advanced treatment techniques like adsorption and membrane filtration are used for the treatment of wastewater but these techniques are relied on the production of secondary pollutants and ecologically not viable methods. In addition, these techniques are not economic, difficult to handle, and not a sustainable way to treat industrial wastewater. Hence, it is crucial to have a clean and sustainable technology, which should be easy to implement, more environmental friendly and efficient in treating variety of pollutants in wastewater. Textile wastewater comprises a variety of dyes and pigments, therefore, it becomes essential to promote the prevailing technology and provide new methodologies that degrade the mixture of toxic dyes and pigments rather than individual pigment (Gupta et al. 2015) . Photocatalytic degradation is one of the most promising green technologies that can be relied to complete removal of organic dyes and colorants in industrial wastewater without producing any residues and secondary pollutants (Lathasree et al. 2004; Lizama et al. 2002) . Titanium dioxide (TiO 2 ) is a widely used photocatalyst because of its chemical stability, abundance, inoffensiveness, and lot of applications in various fields (Kusvuran et al. 2005; Fuyuki et al. 1988; Kurtz and Gordon 1986; Shivaraju et al. 2016) . However, light absorption range of pure TiO 2 is limited to the ultraviolet (UV) spectrum of light due to its wide bandgap (approximately 3.2 eV). To shift absorption range of TiO 2 to visible spectrum, various modification approaches such as surface modification (Li et al. 2009 ), size optimization (Almquist and Biswas 2002) , variation of composition for co-catalyst (Dhumal et al. 2009 ), and doping (Asahi et al. 2001; Irie et al. 2003; Lee et al. 2015) have been pursued. Among these modification approaches, doping of metal or non-metals into TiO 2 has proved considerable shifting of absorption range to visible spectrum of light (Kardarian et al. 2016; Priyanka et al. 2016) . Doped metals or nonmetal ions into TiO 2 can explain bandgap energy tunings for the visible spectrum of light that emphasizes the utilization of natural sunlight as an alternative driving energy for photocatalyst-based AOPs. There are various advantages in modification of TiO 2 by doping with non-metals such as narrowing bandgap tuning toward absorbing visible spectrum of light, enhanced impurity energy levels, controlling the shape, size, morphologies, and recombination processes mitigation (Chen et al. 2015; Cheng et al. 2016) .
Hence, the aim of this study was to prepare visible light active TiO 2 polyscales by doping Mg to enhance the photocatalytic degradation efficiencies and its application in the degradation of most commonly used organic dyes and pigments in different industries. Photocatalytic treatment efficiency of Mg-doped TiO 2 polyscales in real-time textile industrial wastewater under natural sunlight illumination as an alternative and renewable driving energy was also demonstrated for practical applications.
Materials and methods

Preparation of Mg-doped TiO 2
Preparation of Mg-doped TiO 2 polyscales was carried out under mild sol-gel processes using titanium tetra isopropoxide (TTIP) as an initial precursor. During the preparation of Mg-doped TiO 2 , 10 ml TTIP (Spectrochem, Pvt. Ltd, India) of 98% purity was added into the 25 ml deionized water and 25 ml ethyl alcohol (Changshu Yangyuan Chemical, China) mixture with constant stirring on the magnetic stirrer. About 0.1 mg of magnesium sulphate (SD fine-chem Ltd. India) was dissolved in 1 ml of concentrated HNO 3 (Merck Pvt. Ltd. India) that gives Mg(NO 3 ) 2 and it was added into the homogeneous mixture dropwise as a source of Mg dopant. The resultant mixture was continuously stirred (350-500 rpm) for 5 h at room temperature and then kept for aging in a dark box without any disturbance for 24 h. Later, the aqueous mixture of Mg-doped TiO 2 was washed continuously with deionized water and dried in a dust-free hot air oven at 50°C. Then, the obtained powder was treated in a dust-free muffle furnace using a silica vessel provided with lid at 450°C for 2 h. Finally, it was quickly quenched to room temperature under a cooling system to obtain desired crystallinity and active surface morphology. Figure 1 illustrates the schematic preparation of Mg-doped TiO 2 polyscales through sol-gel technique.
Characterization of Mg-doped TiO 2
As prepared, Mg-doped TiO 2 polyscales were characterized using different analytical techniques to know obtained properties. The optical and band energy shifting characteristics of Mg-doped TiO 2 polyscales were investigated using UV-visible spectrophotometer (Shimazdu UV-2100) and dilute alcohol was used for suspension of particles. Powder X-ray diffractometer (Hitachi, Model S-4000, Japan) was used to identify the phase composition and crystalline structures with Bragg's angle ranging from 10°t o 70°with a speed of 3°per minute using a nickel-filtered Cu Ka radiation source and obtained results were ratified by comparing with JCPDS files (PCPDF Win-2.01). The weight% of Mg and TiO 2 in the final product was determined by XRF spectroscope (Bruker, model S4 pioneer). The structural elucidation and important functional groups in Mg-doped TiO 2 polyscales were investigated by Fourier transform infrared spectroscopy (JASCO-460 PLUS, Japan). Morphology and microstructures of Mg-doped TiO 2 polyscales were scanned by scanning electron microscope (Hitachi, Model S-4000, Japan). Photocatalytic activity of Mg-doped TiO 2 polyscales was determined under the visible light illumination (100 W tungsten bulb, Philips) using different dyes as model dye solution (Rice et al. 2012 ).
Photocatalytic degradation experiment
Photocatalytic degradation of industrial dyes was studied using Mg-doped TiO 2 polyscales under natural sunlight irradiation. Photocatalytic degradation efficiency of Mg doped polyscales was studies using five major dyes such as brilliant blue G 250 (Lobo Chem. India), brilliant green (HiMedia Pvt. Ltd. India), methyl violet 10B (HiMedia Pvt. Ltd. India), methyl red (Merck Pvt. Ltd. India), and methyl orange (HiMedia Pvt. Ltd. India) as model pollutants in aqueous media and these dyes are significantly used in various industries. TiO 2 The dye solutions (0.01 M) were prepared using deionized water. During the photocatalytic degradation experiments, 50 ml of dye solution was taken from the reaction vessel of 100 ml capacity and about 0.5 mg of Mg-doped TiO 2 polyscales were added then exposed to the light source. All the photocatalytic experiments were carried out for 5 h irradiation under natural sunlight of sunny day (From 10.30 am to 3.30 pm). Two sets of control experiment were maintained to each type of dye degradation study without adding photocatalyst under natural sunlight and in dark place without disturbance. Initial, interval, and final concentrations (after 5 h irradiation) of dye stuffs in the aqueous media were determined by spectroscopic methods with respective k max of each dye (Rice et al. 2012) . All the dye stuffs in the aqueous media were measured using double beam UV-Vis spectrophotometer (Shimazdu UV-2100, Japan). Photocatalytic treatment of real-time textile wastewater using Mg-doped TiO 2 polyscales was assessed by following the same experimental procedure under different light sources. Textile wastewater was collected from a textile industry located at Nanjangudu industrial area in Mysore District and as collected wastewater was diluted to the required concentration in order to allow sunlight penetration without obstacles. Variation in chemical oxygen demand (COD) of textile wastewater was considered as a momentous parameter to determine the photocatalytic degradation efficiency. The photocatalytic treatment of textile wastewater was carried out for 5 h irradiation time initially and likely continued up to 24 h by irradiating under natural sunlight for 6 h in each sunny day (from 10.00 am to 4.00 pm). Photocatalytic degradation efficiency (%) of Mg-doped TiO 2 polyscales in the degradation of industrial dyes and textile wastewater was calculated respectively by following equation.
Photodegradation efficiency ð%Þ ¼
where, C i is the dye initial concentration and C f is the dye final concentration. Important factors such as pH, catalyst load, light sources, and dye concentration, which affect on the photocatalytic degradation rate and reusability of Mg-doped TiO 2 polyscales were studied using brilliant dye under natural sunlight for 5 h irradiation time. Recovery of photocatalyst from the aqueous dye solution was carried out by centrifuge method and dried under room conditions.
Results and discussions
Characteristics of Mg-doped TiO 2 polyscales Mg-doped TiO 2 polyscales were synthesized through mild sol-gel process and as prepared photocatalysts were characterized using suitable analytical techniques to know the functionalities obtained under sol-gel processes. The XRF results of Mg-doped TiO 2 was revealed the presence 0.8 wt % of Mg/MgO with TiO 2 (97 wt %), which apparently affect on the band width of TiO 2 . The bandgap energy shifting characteristics of Mg-doped TiO 2 polyscales were investigated using UV-Vis spectrophotometer and the results obtained were compared with pure TiO 2 . The UVVis absorption spectrum of Mg-doped TiO 2 polyscales and pure TiO 2 particles are depicted in Fig. 2 . The spectrum of Mg-doped TiO 2 polyscales and pure TiO 2 exhibited a strong absorption band at 380-420 and 387 nm that are near UV region, respectively. Mg-doped TiO 2 polyscales showed broad absorption edges at 398 nm, which is in the range of visible spectrum of light. The optical absorption edges of Mg-doped TiO 2 polyscales showed considerably shifted edges toward visible spectrum of light when compared with pure TiO 2 . The shift in the absorption edge to smaller photon energy implies a decreased energy level in the conduction band, and consequent narrowing band gap energy (Asahi et al. 2001; Irie et al. 2003; Ihara et al. 2003) . This shifting in the absorption edge towards nearvisible region clearly implies band-tuning of Mg-doped TiO 2 polyscales. Mg-doped TiO 2 polyscales confirmed a consequent shifting of bandgap energy from 3.2036 to 3.0955 eV after doping Mg into the TiO 2 crystalline system; it induces the apparent activation of Mg-doped TiO 2 polyscales under natural sunlight illumination that consists of 90 and 10% of visible and UV spectrum of light, respectively.
Powder X-ray diffraction (XRD) patterns were recorded for Mg-doped TiO 2 polyscales and pure TiO 2 in order to determine the crystalline structure and phase compositions. In Fig. 3 , spectra (a) and (b) indicate the XRD patterns of Mg-doped TiO 2 particles and pure TiO 2 respectively. XRD pattern of Mg-doped TiO 2 polyscales are dominantly indexed to JCPDS files 84-1285 and 78-2485; it confirmed the mixed phases of anatase (84-1285) and rutile (78-2485) crystal structures (Kohlrausch et al. 2015; Devi and Kavitha 2014; Shivaraju et al. 2010a, b; Harikumar et al. 2013) . Dominant peaks of anatase and rutile are sharp and clearly observed particularly at 2h of 25.2 (101) and 27.2 (110), respectively. Moreover, XRD pattern of Mg-doped TiO 2 polyscales showed the characteristic peak of Mg in TiO 2 crystalline structures (JCPDS: 87-0652) at 2h of 37.5°( 011) and 44°(012) (Lin et al. 2008) . It was observed that mixed phases of anatase and rutile were obtained due to the influence of Mg dopant in the formation of TiO 2 crystals. Moreover, the spectrum of Mg-doped TiO 2 polyscales differs from the pure TiO 2 , which is anatase phase and it shows band broadening with decreased peak intensity. Such variations can be attributed to the effect of smaller particle size, which affects the vibrational amplitudes and force constant of nearest neighboring bond (Kaviyarasu and Premanand 2013) . However, such smaller particle size along with the mixed phases of anatase and rutile constituents are expected to intensify the photocatalytic reactivity of TiO 2 under visible light (Kaviyarasu and Premanand 2013; Liu et al. 2011; Truong et al. 2012) . The XRD pattern of Mg-doped TiO 2 polyscales indicated increased peak intensity inducing well crystalline phases, which are apparently stable and enhance the photochemical activities (Devi and Kavitha 2014; Shivaraju et al. 2010a, b; Harikumar et al. 2013) .
FTIR spectra of Mg-doped TiO 2 polyscales and pure TiO 2 are shown in Fig. 4a, (Devi and Kavitha 2014; Shivaraju et al. 2010a, b) . A characteristic band with strong and wide absorption at lower energy region (\420 cm -1 ) is attributed to the formation of O-Ti-O lattice (Shivaraju et al. 2010a, b) . The stretching band corresponding to the magnesium in lattice structure (TiMg-O-Ti) may be identified at lower energy absorption region (426.5 cm -1 ) in the spectrum (Fig. 4b ) (Choudhury and Choudhury 2014). FTIR result clearly indicates the presence of Mg/MgO as doping impurities in Mgdoped TiO 2 photocatalytic system.
The SEM image was used to determine the morphology of Mg-doped TiO 2 polyscales. The growth of mixed and agglomerated spherical shaped particles of Mg-doped TiO 2 can be clearly seen in Fig. 5 . These SEM images indicate that Mg-doped TiO 2 polyscales have spherical morphology creating high surface area and porosity, which is quite suitable for enhancing photocatalytic degradation of organic dyes and pollutants.
The photocatalytic activity of Mg-doped TiO 2 polyscales was determined using an aqueous dye solution of brilliant green (Himedia, laboratory grade), under both visible light and natural sunlight source (sunny day). Simultaneously, blank experiments were also maintained without adding photocatalyst. The photocatalytic efficiency of Mg-doped TiO 2 polyscales was compared with undoped TiO 2 (pure) and Mg-doped TiO 2 polyscales exhibited efficient photocatalytic activities under both light sources when compared to the pure TiO 2 and the results obtained can be seen in Fig. 6 . Mg-doped TiO 2 polyscales showed considerable degradation efficiency under natural sunlight (65.6%), which attributed to the band tuning towards visible spectrum by doping of Mg in TiO 2 structure.
Photocatalytic degradation of industrial dyes and pigments
Discharge of colored water with varieties of dye substances from industries are the major environmental problems causing water pollution all over the world today (Blanco et al. 2012; Zolinger 1987; Saggioro et al. 2011; Dave and Dave 2009; Divya et al. 2009; Wijannarong et al. 2013; Gupta et al. 2014; Weber and Adams 1995; Shivaraju et al. 2010a, b) . Five different dyes commonly used in the textile and food industries were used for the photocatalytic degradation experiments. Mg-doped TiO 2 polyscales showed comparatively higher photocatalytic degradation efficiency in the destruction of industrial dyes than pure TiO 2 . Photocatalytic degradation efficiency of different organic dyes in aqueous media under natural sunlight as an alternative driving energy is shown in Fig. 7a-f . Results obtained indicate the varied degradation efficiencies for industrial dyes such as methyl violet (100%), methyl red (80%), methyl orange (79%), brilliant green (73%), and brilliant blue (64%) under the same experimental conditions. Of all the five industrial dyes considered for the photocatalytic degradation study, the degradation efficiency for brilliant blue was minimum (Fig. 7a ) due to the complexity in molecular structure and strong coloring properties, which obstruct the light penetration in aqueous media.
Effect of important factors on photocatalytic degradation of industrial dyes Effect of initial pH
The photocatalytic degradation efficiency strongly depends upon the pH of the aqueous dye solution. The effect of pH on photocatalytic degradation rate of brilliant green dye (0.01 M) was assessed using 0.5 mg of catalyst load for 5-h duration under visible light source (Tungsten light-60 W, Philips) by varied pH from 2 to 12 adjusted using diluted HNO 3 or NaOH solution. The photocatalytic degradation rate of brilliant green dye was significantly increased up to 100% under the alkaline as well as acidic pH and the results obtained can be seen in Fig. 8 . Increased rate of photodegradation under alkaline condition can be attributed to the increase of hydroxyl ions, which induces more hydroxyl radicals that can form hydrogen peroxide. This, in turn, gives rise to the hydroxyl radicals. Under acidic condition, the perhydroxyl radicals can form hydrogen peroxide, which gives rise to the hydroxyl radicals. When Mg/TiO 2 contacts the aqueous dye solution, it shows amphoteric nature and the amphoteric surface functionality is the titanol and denoted as [TiOH. The hydroxyl group on the TiO 2 surface undergoes the following acid-base equilibrium (Eqs. 2, 3): 
Below the neutral pH, the Mg/TiO 2 surface is positively charged and above this neutral pH the Mg/TiO 2 surface is negatively charged. In particular, for organic compounds that undergo photoreaction, the variations in the pH not only influence the quantity of organic substrate, but also surface properties of the photocatalysts. In addition, the band edge energy of Mg/TiO 2 will change with pH and, thermodynamically, this change would lead to a change in photocatalytic degradation efficiency. In this regard, the pH would greatly influence the photocatalytic degradation rate of industrial dyes and thus an increase or decrease in pH from neutral pH value the rate of photocatalytic reaction will be increased.
Effect of photocatalyst load
The photocatalytic degradation efficiency is based on photocatalyst load and photocatalyst load largely depends on the nature of the catalysts. The photocatalytic degradation study of brilliant green dye was carried under varied catalyst loads. When the photocatalyst load was varied from 0.1 to 1.0 mg, it was observed that the degradation rate of dye was significantly increased up to 73% at the amount of 0.6 mg of catalyst load and the results obtained can be seen in Fig. 9 . The results obtained showed increased degradation with an increased amount of catalyst load until a saturation value of 0.6 mg. The degradation efficiency was not significantly enhanced beyond 0.6 mg of catalyst load, due to increased numbers of available active sites on the surface of catalyst for the photoreaction, which in turn increases the rate of radical formation in aqueous solution. It showed a drastic reduction of degradation rate in the range of 0.1-0.5 mg/50 ml, which is attributed to the lack of active sites for photo-degradation of dye molecules. The photo-degradation rate was slightly reduced beyond the amount of catalysts load at 0.6 mg/50 ml; this could be attributed to the large amount of catalyst particles in the solution, which leads to light scattering and reduction in light penetration through the aqueous medium by decrease in transparency of aqueous dye solution.
Effect of initial dye concentration
The effect of initial concentration of brilliant green dye in an aqueous solution on the photocatalytic degradation efficiency was studied under varied dye concentrations. The concentration of brilliant green dye was varied from 0.01 to 0.12 M in the aqueous solution. The photo-degradation rate of brilliant green dye decreased with an increased concentration of dye in the aqueous solution (Fig. 10) . When concentration of dye was decreased in the aqueous solution, it became more transparent and clear from intense colour and the path length of photons entering into that solution increased. When photons easily reached the photocatalyst surface in the aqueous medium, the production of hydroxyl and superoxide radicals increased, and it apparently induced the photo-degradation efficiency of industrial dye molecules in the aqueous solution.
Effect of light sources
The effect of light sources on photo-degradation efficiency of brilliant green dye was studied under different light sources. A set of experiments was carried out in a dark chamber to study the importance of light for the activation of the photocatalyst. All the photocatalytic experiments were conducted under the same experimental conditions such as constant temperature (room temperature), photocatalyst load, pH and dye concentration. Light sources like UV light source (16 W, Philips) and visible light sources such as tungsten light (60 W, Philips), LED light (16 W, Everyday) and natural sunlight were used for the photocatalytic degradation study. The effects of light sources on photocatalytic degradation efficiency can be seen in Fig. 11 . Highest degradation efficiency was observed under the LED light (90%) and tungsten light sources (87%) when compared to UV light source (71%). Under darkness, the degradation rate of dye was very poor due to the lack of photon energy for the activation of photocatalysts. The photocatalytic degradation rate of brilliant green dye in the aqueous solution under natural sunlight was also nearest to the LED and tungsten light sources. Without light source degradation efficiency was neglected, because, without light, photoelectron and photohole generation or recombination will not occur on the photocatalyst.
Photocatalytic treatment of real-time textile effluent
Photocatalytic degradation of dyes and other organic pollutants in the real-time textile effluent was studied using Mg-doped TiO 2 polyscales under natural sunlight illumination as an alternative and renewable driving energy source that attributes the sustainable treatment of industrial wastewater. Mg-doped TiO 2 polyscales showed comparatively higher efficiency in the degradation of organic dyes and pollutants in the textile wastewater and results obtained can be seen in Fig. 12 . Photocatalytic degradation of textile wastewater showed 64.55% (COD reduced from 1692 to 600 mg/l) degradation of organic dyes and pollutants within 6-h duration by utilizing sunlight. Up to 92% degradation (COD reduced to 135.36 mg/l) was achieved within 24 h under solar light irradiation. Therefore, utilization of widely available solar energy as an alternative driving energy for wastewater treatment could be one of the most sustainable ways of industrial wastewater reclamation. Moreover, the research revealed that Mg-doped TiO 2 polyscales showed comparatively higher degradation efficiency in the model aqueous dye solution than the real-time textile wastewater. It could be attributed to the fact that other contaminants may reduce the photocatalytic activities by reduction of the irradiation rate through obstructing the light waves to reach the surface of photocatalyst. The reduction of COD level in the wastewater confirmed the photocatalytic degradation of dyes and colorants along with other organic pollutants in the textile wastewater. Apparently, Mg-doped TiO 2 polyscales can be utilized as excellent photocatalysts by harvesting the natural sunlight as a renewable and potential alternative driving energy for the treatment of industrial wastewater. In addition, the present research revealed that recovery of suspended photocatalytic particles from aqueous media was quite difficult and further it can be effectively dealt by suspension of suitable supporting materials (Shivaraju et al. 2010a, b; Shivaraju 2011) , which are decorated with Mg-doped TiO 2 polyscales in aqueous media. Efficiency of supported Mgdoped TiO 2 polyscales could be attributed to the continuous and ease recovery of photocatalyst after industrial wastewater and the animated photocatalytic treatment processes of textile wastewater can be seen in the Appendix A. Supplementary materials.
Reusability study
Reusability of Mg-doped TiO 2 polyscales was studied using brilliant dye under natural sunlight for 5 h irradiation time. As-regenerated Mg-doped TiO 2 polyscales was studied for their reusability for the degradation of dye molecules and the results obtained showed decreased efficiency of regenerated Mg-doped TiO 2 polyscales after 2-3 usage cycles. The decreased efficiency of recycled catalysts attributed to the blocking of active pores by dye molecules which apparently reduces the photocatalytic activities of Mg-doped TiO 2 polyscales and the results can be seen in Fig. 13 .
Conclusion
The present research presented the preparation of the vis- 
